The role of dietary fat in bladder cancer aetiology is currently unclear due to few studies, equivocal findings and a lack of information on important dietary fatty acids. The aim of the present study was to investigate the association between the intake of major dietary fats and fatty acids and the risk of bladder cancer. A case -control study was conducted in New Hampshire, USA. Dietary data were collected from 322 cases and 239 controls, and OR and 95 % CI were calculated using unconditional logistic regression. Adjustment was made for potential confounders: sex, age, smoking status, pack-years smoked, cholesterol and energy intake. Statistically significant reduced odds of bladder cancer were observed for high intakes (highest quartile v. lowest quartile) of a-linolenic acid (ALA) (OR 0·26, 95 % CI 0·10, 0·65; P for trend¼ 0·01) and vegetable fat (OR 0·39, 95 % CI 0·18, 0·86; P for trend¼ 0·03). Borderline statistically significant reduced odds were detected for polyunsaturated fat (OR 0·43, 95 % CI 0·19, 0·98; P for trend¼0·07) and linoleic acid (OR 0·43, 95 % CI 0·19, 0·96; P for trend¼ 0·06). These fats and fatty acids were highly correlated and following adjustment for each other, the only potential inverse association to remain was for ALA. The present findings suggest that ALA may have a protective role against developing bladder cancer; however, further investigation and replication in other epidemiological studies are required. Future research should focus on the type, source and quantities of different dietary fatty acids consumed.
Wide variation exists between countries for both the incidence of bladder cancer (1) and the consumption of dietary fat (2) .
Compared with Asian countries such as Japan, the agestandardised incidence rate of bladder cancer is approximately three times higher in the USA (1) . Similarly, the USA, like many Western countries, consumes a diet higher in total fat (30-40 % of total dietary intake) (3) than the traditional Japanese diet (,30 %) (4) .
While a meta-analysis (5) and systematic review (6) have reported a possible increased risk of bladder cancer associated with a high intake of dietary fat, not all studies have observed such an association (7 -9) . A possible explanation for inconsistencies in the literature may be due to the fact that dietary fat is obtained from both animal and vegetable or plant sources and comprises more than forty different fatty acids from nature (10) . Furthermore, many other fatty acids are produced during food processing and cooking (10) . Depending on the chemical structure, there can be different metabolic, physiological and even opposing effects between the various fatty acids (11) . It may be that the composition of dietary fat is more important in the aetiology of bladder cancer than the actual amount of fat consumed (12) . Reports from in vitro (11) and animal studies (13) suggest that the effect of fat on bladder cells can range from anti-carcinogenic to pro-carcinogenic depending on the type of fat/fatty acid involved.
Although not fully understood, one of the mechanisms by which major n-3 polyunsaturated fatty acids, EPA and DHA, are reported to possibly inhibit carcinogenesis is through their anti-inflammatory activity (14) . While the major n-6 PUFA, linoleic acid (LA), has previously been reported to induce carcinogenesis through oxidative damage and proinflammatory mechanisms, this is not supported by the current evidence from recent human experimental (15) and epidemiological studies (16) . To date, few epidemiological studies (7, 12, 17, 18) have examined the relationship between bladder cancer and the major subgroups of dietary fat. A Serbian case -control study on bladder cancer (19) , however, highlighted the importance of considering different dietary sources when it reported a possible inverse association with sunflower oil and positive association with animal fat intake. Similarly, the need to account for the different types of dietary fats in analyses was demonstrated by a Spanish multicentre case-control study (12) . The spanish study found that the increased risk of bladder cancer associated with higher intakes of monounsaturated fat disappeared following adjustment for saturated fat. However, quite opposite effects were observed in a Japanese case -control study (18) , which has reported inverse associations between bladder cancer risk and both saturated and monounsaturated fat intake.
Even less evidence is available on the association between dietary intake of specific fatty acids and bladder cancer risk. To our knowledge, there is only one such epidemiological study (20) , and it has reported no association between bladder cancer overall and intake of n-3 marine fatty acids, EPA and DHA.
Due to the current lack of information, the aim of the present study was to investigate major dietary fats and fatty acids to determine whether and to what extent they may influence the risk of bladder cancer. Given the varying physiological functions, it seemed appropriate that some of the key dietary fatty acids be analysed separately.
Methods

Subjects and methods
A population-based case-control study was conducted in New Hampshire, USA. Details of the study have previously been reported (21, 22) . Briefly, bladder cancer cases were identified from the New Hampshire State Department of Health and Human Services Cancer Registry as histologically confirmed, primary bladder cancer diagnosed between 1 July 1998 and 31 December 2001. To be eligible for inclusion in the study, all cases had to be New Hampshire residents aged between 25 and 74 years, had to have a listed phone number and had to speak English. Physician consent was obtained before contacting potential participants. Of the 472 potentially eligible cases who were contacted, a total of 398 (84 %) were interviewed. For efficiency, controls were shared with another study on non-melanoma cancer covering a reference period from 1 July 1997 to 30 March 2000 (23) . Controls ,65 years of age were selected from lists obtained from the New Hampshire Department of Transportation. Controls who were 65 years of age and older were chosen from data files provided by the Centers for Medicare and Medicaid Services of New Hampshire. Controls were randomly assigned a comparable reference date corresponding to dates of diagnoses of the case group (24) . A total of 526 controls (76 %) were interviewed from a potential 694 confirmed eligible participants (22) . The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects/patients were approved by the Committee for the Protection of Human Subjects at Dartmouth College. Written informed consent was obtained from all subjects/patients.
Data collection
Personal interviews were conducted with consenting participants, usually in the homes of the participants. Data were collected on participants' sociodemographic information such as education level, residence, occupation (history), medical history, lifestyle factors (including tobacco smoking), household water supply and family history of cancer. Interviewers were blind to case/control status, and interviews were tape recorded with subjects' consent (,5 % refused to have the interview taped) to ensure consistent quality of the interview and clarification of details. Cases were also asked whether they held a driver's licence or a Medicare enrolment card for comparability with controls.
Dietary data
The majority of interviews that included dietary assessment took place between 2000 and 2003 for both cases and controls (for 95 % of subjects). This left data unavailable for 150 cases and 455 controls; a total of 322 cases and 239 controls were included in the dietary analyses of the present study. Subjects from whom dietary data were collected were comparable with those who did not provide dietary data with respect to age, sex and smoking history (data not shown).
Dietary information was collected for the 12-month period before the reference date using a detailed semi-quantitative FFQ originally developed by Willett et al. (25) for the Nurses' Health Study. It contained 121 food items assigned to the following broad categories: dairy; fruit; vegetables; eggs and meat; breads and baked goods. Within these categories, there were specific foods that are rich sources of both animal fats (beef, lamb, pork, poultry, fish, eggs, milk, yogurt, cheese and butter) and vegetable fats (margarine, nuts, salad dressing, soyabeans, vegetable oils, leafy green vegetables and cereals). The FFQ also included a list of beverages, common mineral and vitamin supplements including n-3 fatty acids, and seven questions relating to fat consumption, e.g. amount of visible fat removed from meat before consumption, frequency of fried foods eaten at home and away from home, the type of margarine used and types of fat used for frying/sautéing and baking. Additionally, there were three open-ended questions where subjects could specify the type of fat or oil usually used in cooking, any additional nutritional supplements and food items not already listed in the FFQ.
Frequency options ranged from never to six or more times a day. Nutrient intake was calculated by multiplying frequency of each food item on the FFQ by the nutrient content for the specific portion size (26) . Food composition data were based on data from the United States Department of Agriculture (27) . The composition of fatty acids (ranging from shortchain SFA to long-chain PUFA) was available in the nutrient database for all foods included in the FFQ except for the few items without fat content such as alcoholic beverages.
Statistical analysis
We investigated major dietary fats and fatty acids for potential associations with bladder cancer. These included saturated fat (palmitic acid and stearic acid), monounsaturated fat (palmitoleic acid and oleic acid), polyunsaturated fat, n-3 PUFA (a-linolenic acid (ALA), EPA and DHA) and n-6 PUFA (LA and arachidonic acid (AA)).
Usual dietary intake for the previous 12 months of all of these fats and fatty acids was estimated in g/d. The data were analysed in quartiles based on the control group distributions. OR and corresponding 95 % CI were calculated using unconditional logistic regression analysis. As cases and controls were not matched for age and sex (as described earlier, due to using a shared control group), age and sex were included in all models as covariates. Adjustment was also made for a number of possible confounding variables including cigarette smoking status (current/non-current smoker), pack-years of cigarette smoking, cholesterol (except vegetable fat) and total energy intake (quartiles for kJ/d). Likelihoodratio tests for linear trend were conducted by assigning an integer to each quartile of the nutrient, e.g. 1 -4, then fitting the term as a continuous variable in the model and comparing the log likelihood of this model to the log likelihood of a nested model without the nutrient. Potential multicollinearity was assessed by calculating variance inflation factors (28) . Interaction was investigated between the intake of ALA and smoking status/history, lipid-soluble antioxidants (vitamin E and total carotenoids) and non-steroid anti-inflammatory drugs (NSAID). In this analysis, smoking status was dichotomised into never/ever smoker, cigarettes/d into high and low categories (,20/$ 20 cigarettes/d) and duration of smoking (,27/$27 years). ALA and antioxidants were dichotomised into high and low categories based on median values of the controls and NSAID or analgesics based on use before the reference date (no/yes). Participants were classified as having had prior use if they had taken NSAID or other pain medicine at least four times per week for 1 month or longer before the reference date (diagnosis for cases and comparable date randomly assigned to the controls) (22) . Drug categories for NSAID/analgesics included phenacetin, paracetamol, ibuprofen and aspirin, and any NSAID (diclofenac, aspirin and ibuprofen) (22) . We used the likelihood-ratio test to evaluate interaction, i.e. comparing the log likelihood of regression models with and without the interaction term.
All reported P values were two-sided, and values less than or equal to 0·05 were considered to be statistically significant.
All statistical analyses were performed using the statistical software package Stata/IC 10.1 (29) (StataCorp, College Station, TX, USA). 
Results
* Mean values were significantly different between cases and controls (P, 0·05).
Statistically significant reduced odds of bladder cancer were observed for the highest quartile compared with the lowest quartile of intake for ALA (OR 0·26, 95 % CI 0·10, 0·65; P for trend¼0·01) and vegetable fat (OR 0·39, 95 % CI 0·18, 0·86; P for trend¼0·03). Borderline statistically significant inverse associations were also observed for LA (OR 0·43, 95 % CI 0·19, 0·96; P for trend¼0·06) and polyunsaturated fat (OR 0·43, 95 % CI 0·19, 0·98; P for trend¼0·07). An inverse association and trend of borderline statistical significance was observed for high intake of polyunsaturated fats according to the n-6:n-3 ratio (OR 0·59, 95 % CI 0·34, 1·04; P for trend¼0·06). No statistically significant associations or trends were observed for the extent of disease (non-invasive v. invasive disease) for these fats/fatty acids or any of the other dietary fats or fatty acids including total intake of n-3 or n-6 fatty acids (data not shown).
There was a high correlation between intake of vegetable fat, polyunsaturated fat and LA (vegetable fat and polyunsaturated fat, r 0·88; vegetable fat and LA, r 0·88; LA and polyunsaturated fat, r 0·97). Similarly, intake of ALA was highly correlated with vegetable fat (r 0·76) and polyunsaturated fat (r 0·88). Of these dietary fats and fatty acids, only LA and polyunsaturated fat had a high variance inflation factor value (.10), indicating the presence of multicollinearity (data not shown).
We performed additional adjustment for the correlated fats and fatty acids. The only potential inverse association remaining after these adjustments, although it was borderline statistically significant, was between bladder cancer and intake of ALA (highest v. lowest quartile for the intake of ALA: adjusted for vegetable fat (OR 0·32, 95 % CI 0·11, 0·91; P for trend¼0·08); adjusted for polyunsaturated fat (OR 0·30, 95 % CI 0·09, 1·01; P for trend¼0·07); adjusted for LA (OR 0·30, 95 % CI 0·09, 1·01; P for trend¼ 0·08)). All other previous associations with bladder cancer disappeared, including the ratio for the intake of n-6:n-3 fatty acids (data not shown).
We did not detect any significant interaction between smoking status (ever/never), number of cigarettes smoked per day, duration of smoking (years), intake of vitamin E or total carotenoids and ALA. Additionally, there was no evidence of a modifying effect for the use of aspirin, ibuprofen, paracetamol or NSAID or analgesics as a group. However, there were borderline statistically significant lower odds of bladder cancer for high ALA intake among phenacetin users compared with non-users (P for interaction¼0·11; data not shown).
Discussion
From our investigations into potential associations between major dietary fats and fatty acids and bladder cancer, we identified a consistent inverse association with the intake of ALA. Our initial analyses detected reduced odds of bladder cancer associated with high intakes of vegetable fat, polyunsaturated fat, LA and possibly the ratio for the intake of n-6:n-3 fatty acids. However, these fats and fatty acids were all highly correlated with each other, and initial associations disappeared following mutual adjustment with the exception of ALA. We did not observe any other potential associations, trends or interactions.
Most of the epidemiological evidence available on the association between dietary fatty acids and the risk of cancer has focused on cancer at other body sites, e.g. colorectal (30) , breast (31) and prostate (32) . To our knowledge, this is one of the first epidemiological studies to investigate the association between dietary fat intake and bladder cancer that examined the effect of different fatty acids. An earlier study (33) compared the plasma levels of essential fatty acids (EFA) of ninety-eight histologically confirmed bladder cancer patients with 477 healthy controls. It was found that levels for most of the EFA, including LA, AA and metabolites of ALA, were significantly lower for bladder cancer patients compared with the controls. EFA are PUFA that cannot be synthesised within the body and thus must be obtained from the diet (34) . They have a number of key physiological roles, including the regulation of inflammation, blood clotting and vasoconstriction/vasodilation (3) . It has also been reported that EFA deficiency may be 'pro-tumorigenic' in rats (34) . As EFA make up a large percentage of the phospholipid fatty acid content of the normal rat urothelial membrane, deficiency in these may increase the susceptibility of the urothelium to carcinogenic agents (34) . OR  1·00  0·96  0·80  0·59  0·06  95 % CI  0·56, 1·62  0·47, 1·38  0·34, 1·04 Q, quartiles. * Adjusted for age, sex, smoking status (current v. non-current smoker; pack-years smoked (categories: 0-10, 10-20, 20-30, 30-40, 40-50 and 50 þ)), cholesterol intake and total energy intake (Q, kJ/d). † Nomenclature of fatty acids, e.g. 4 : 0, length of the carbon chain (short chain, four carbons) and number of double bonds (0); 18 : 1 (long chain, eighteen carbons) and one double bond (10) .
We investigated the effect of three of the major n-3 fatty acids: ALA (18 : 3); EPA (20 : 5); DHA (22 : 6). There were no existing epidemiological studies from which to compare the inverse association that we observed between intake of ALA and bladder cancer risk. However, consistent with a few previous studies, we found no association between bladder cancer risk and intake of EPA and DHA (20) or n-3 fatty acids generally (35) . Although EPA and DHA are obtained from fatty cold water fish, they can also be synthesised to a lesser extent from their precursor, ALA (14) . Despite reports that major n-6 fatty acids, LA and AA, may induce bladder carcinogenesis in cell culture (11) , we detected a possible inverse relationship for intake of LA before adjustment for vegetable oil and no association with AA. LA is reportedly the major polyunsaturated fat consumed by American adults, comprising 84 -89 % of total energy from polyunsaturated fat compared with 9 -11 % for ALA (36) . We initially observed reduced odds of bladder cancer with the higher ratio for the intake of n-6:n-3 fatty acids; however, any potential association disappeared after adjusting for vegetable fat (data not shown). A recent expert report by the FAO/WHO (37) concluded that absolute values of these fatty acids are more relevant than the n-6:n-3 ratio in terms of optimal physiological function and health. Contrary to previous studies (5, 6, 38) , we found no evidence that intake of total fat was associated with increased risk of bladder cancer. Similarly, we did not observe inverse associations between bladder cancer risk and intake of saturated and monounsaturated fat reported in a Japanese case-control study (18) consisting of 297 bladder cancer cases and 295 controls. These major subgroups of fats are available from both vegetable and animal sources, and may have been derived predominantly from vegetable sources in the Japanese study population (10) . Interestingly, we did observe a low-point estimate that was of borderline statistical significance for saturated fat, which was highly correlated with palmitic acid (r 0·96), a saturated fat also obtained from plant sources, e.g. palm oil (10) . Similarly, our lack of association between the intake of animal fat and bladder cancer risk disagreed with reports of a positive association from a Serbian case-control study (19) of 130 cases and controls. Population differences in the type, composition and quantity of animal fat consumed and even cooking methods may account for the lack of agreement between the Serbian and our American study.
Accurate estimation of dietary intake of specific fats/fatty acids is difficult, particularly for PUFA, like ALA, which are typically consumed in small quantities (16, 39) . In the absence of biological markers, it is important that dietary assessment instruments and nutrient composition databases can provide adequate estimates of usual dietary intake of these fatty acids (39) . Some earlier studies (40, 41) have assessed the performance of dietary measures in estimating fatty acid exposure using biological samples. A cross-sectional study (40) of 276 men and 257 women has reported weak, but significant, correlations between plasma measures of several EFA (LA, AA, EPA and DHA), although not ALA, and dietary intake. Arab (41) also compared dietary measures of specific fatty acids with the fatty acid content of adipose tissue (as a long-term measure of exposure), and found that there were moderate-to-strong correlations between the two measures for PUFA, including n-3 long-chain fatty acids. While we used a validated FFQ that contained a wide range of common food sources for the fats/fatty acids under investigation and a comprehensive nutrient composition database (containing the fatty acid content of several thousand different food items), we do, however, recognise that the present finding may be biased towards the null due to measurement error. Estimating dietary intake of specific fatty acids is further complicated by the fact that many fatty acids share common foods (10) . For example, while olive oil predominantly comprises the MUFA, oleic acid (approximately 70 %), ALA and LA are also present in small quantities (27) . We attempted to disentangle the effect of individual fatty acids by adjusting for highly correlated fats/fatty acids. Although this reduced the number of potential inverse associations to just ALA, there is the possibility that this may have led to over adjustment and failure to detect true effects as a consequence.
While it is also possible that other dietary components common to a plant-based diet, e.g. carotenoids and vitamin E, may be responsible for the inverse associations that we observed for ALA, we detected no modifying effect by these micronutrients from our analyses. Another limitation of dietary assessment is the potential for recall bias with a retrospective study design. However, as dietary factors are not widely associated with the risk of bladder cancer (42) and recall of dietary intake is likely to be non-differential between cases and controls, recall bias should minimally affect the present results if at all. Although we cannot totally discount the possibility that there may have been dietary changes due to diagnosis of bladder cancer, it has previously been suggested that pre-clinical disease is unlikely to have a major effect on dietary intake (43) . Consistent with this, we observed similar consumption levels of major dietary components, energy and total dietary fat intake for cases and controls and for cases both with and without invasive disease. Additionally, there was no association between intake of potentially protective fats/fatty acids and extent of disease (non-invasive v. invasive bladder cancer).
While controls drawn from two sources, the Department of Transportation (for those under 65 years) and Medicare (for those 65 years and older), could be an issue, it is minimised by the fact that these are considered nearly complete sources of records in our population. Among cases, over 95 % report having a driver's licence (for those under 65 years) as do over 95 % (for those 65 years and older) report being enrolled in Medicare (data not shown). Furthermore, we examined the characteristics of controls younger than 65 years and those over 65 years, and found them to be comparable with respect to sex, smoking and medical access variables (i.e. visit to a doctor in the past 2 years); however, older subjects had less than a college education (40 % of those under 65 years and 50 % of those 65 years and older). Level of education, however, is not a strong risk factor for bladder cancer (including in our own data) and thus was not considered a potential confounder in our analysis.
Conclusions
Dietary fat is a heterogeneous macronutrient, and in order to understand its role in bladder cancer aetiology, the effects of individual fatty acids need to be examined separately. While our observations suggest that ALA may have a protective role against developing bladder cancer, further replication in other studies is required. The present study additionally highlighted the difficulty in measuring dietary fat intake due to the wide range of fatty acids available from both different and shared food sources (10) . Overall, the present results indicate that the possible effect of dietary fat on the risk of developing bladder cancer may depend on the type and source of fat as well as on the quantity consumed.
